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Two types of envelope fusion proteins have been identified in lepidopteran baculoviruses. GP64 is found in Autographa
californica multinucleocapsid nucleopolyhedrovirus, Orgyia pseudotsugata multinucleocapsid nucleopolyhedrovirus (OpM-
NPV), and other relatively closely related viruses, while Lymantria dispar multinucleocapsid nucleopolyhedrovirus (LdMNPV),
which lacks GP64, utilizes LD130 as its envelope fusion protein. Homologs of ld130 have since been found not only in all the
sequenced gp64-minus virus genomes, but also in the genomes of gp64-containing viruses. In addition, they are evolution-
arily related to the envelope proteins of certain insect retroviruses. In this report, the characterization of a LD130 homolog
(OP21) from OpMNPV, which also contains gp64, is described. Western blot analysis of extracts of OpMNPV-infected
Lymantria dispar cells, using antibodies generated against OP21, identified an infected cell-specific doublet of 85 and 89 kDa.
These bands were first observed at about 6 h p.i. and were present at all later time points. Such analyses also demonstrated
that OP21 was associated with budded virions. Tunicamycin treatment of OpMNPV-infected cells indicated that OP21 is
N-glycosylated. Studies employing NP-40 to remove the envelope from budded virions indicated that the majority of OP21
remained associated with the nucleocapsid fraction, whereas all GP64 was removed. Confocal immunofluorescence
microscopy showed that OP21 and GP64 have a similar pattern of distribution on the membrane of cells infected with
OpMNPV. Immunoelectron microscopy of budded virions also showed similar patterns of localization for both OP21 and
GP64. © 2001 Elsevier ScienceINTRODUCTION
A remarkable evolutionary observation is the recent
evidence indicating that insect retroviruses obtained
their envelope fusion protein via a recombination event
with a baculovirus, a DNA-containing virus also patho-
genic for insects (Malik et al., 2000; Rohrmann and Kar-
plus, 2001). This observation suggested a mechanism for
the evolution of noninfectious, transposable retroele-
ments into infectious retroviruses. Whereas the envelope
protein lineage shared between insect retroviruses and
baculoviruses is related to the LD130 group of baculovi-
rus envelope fusion proteins (Ijkel et al., 2000; Pearson et
al., 2000), not all baculoviruses employ LD130 homologs
for this fusion function. One group of baculoviruses that
includes both Autographa californica multinucleocapsid
nucleopolyedrovirus (NPV) (AcMNPV) and Orgyia
pseudotsugata NPV (OpMNPV) employ GP64 as their
envelope fusion protein. Based on molecular phyloge-
netic data, these viruses have been placed in a category
called Group I NPVs (Bulach et al., 1999; Chen et al.,
1997, 1999; Zanotto et al., 1993). In contrast, members of
Group II NPVs and granuloviruses (GVs), including Spo-
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22doptera exigua MNPV (SeMNPV) (Ijkel et al., 1999), Ly-
mantria dispar MNPV (LdMNPV) (Kuzio et al., 1999), He-
licoverpa armigera NPV (HaNPV) (Chen et al., 2001),
Plutella xylostella GV (PxGV) (Hashimoto et al., 2000), and
Xestia c-nigrum GV (XcGV) (Hayakawa et al., 1999), all
encode homologs of LD130 and lack genes related to
gp64.
Although Group I NPVs employ homologs of GP64 as
their envelope fusion protein, they also encode a ho-
molog of LD130. Therefore, this closely related group of
viruses, which includes AcMNPV and OpMNPV, contain
homologs of two envelope fusion proteins, GP64 and
LD130. The diversity of the ld130 homologs, compared to
the close relatedness of the gp64 homologs, suggested
that gp64 may have been recently acquired by a bacu-
lovirus and subsequently displaced the envelope fusion
function of the ld130 homolog (Pearson et al., 2000).
The apparent widespread utilization of homologs of
LD130 as envelope fusion proteins in both baculoviruses
and insect retroviruses, and its conservation in the gp64-
containing Group I baculoviruses, suggests that in the
latter group it may no longer play a critical role in enve-
lope fusion, but may have other essential roles in bacu-
lovirus biology. To develop further understanding of this
important group of viral proteins, we have investigated
OP21, the LD130 homolog in OpMNPV which utilizes
GP64 as its envelope fusion protein. In this report we
23OpMNPV-BUDDED VIRION-ASSOCIATED GLYCOPROTEINdescribe the expression of OP21 in infected cells, its
localization in both infected cells and virions, and its
inability to cause low pH cell fusion under conditions
conducive to LD130 and GP64-mediated fusion.
RESULTS
Analysis of Ld130 homologs
Computer-assisted sequence alignments were used
to compare the homologs of LD130 from a representative
selection of baculoviruses. An overview of these results
is shown in Fig. 1A and indicates that the members of
this group range in size from 544 to 690 amino acids and
contain features predicted for membrane-associated
proteins, including signal and transmembrane domains.
In addition, they also contain 11 highly conserved cys-
teine residues. Figure 1B shows a more detailed align-
ment of the amino acid sequences and includes the
location of the conserved cysteine residues and a num-
ber of other invariant amino acids indicated by the as-
terisks. The domain that likely interacts with the cyto-
plasm is located downstream of the transmembrane do-
main. Although this region is very short in GP64 (seven
amino acids), it is over 60 amino acids in the LD130
homologs from NPVs. However, it is only about 20 amino
acids in the LD130 homologs from the granuloviruses,
suggesting that if it plays an important role in the biology
of the protein, there may be a difference between the
NPV and GV species.
Western blot analysis of OP21
Time courses of OpMNPV-infected L. dispar cells were
analyzed by Western blotting using an antiserum pro-
duced against a maltose-binding protein (MBP)-OP21
fusion. This antiserum identified an infected cell-specific
doublet of approximately 85 and 89 kDa which increased
in intensity from 6 through 24 h postinfection (p.i.) (Fig.
2A, lanes 2–5) and then diminished in intensity from 48 to
72 h p.i. (Fig. 2A, lanes 6 and 7). With uninfected cells
(Fig. 2A, lane 1), light staining of a doublet containing 66-
and 71-kDa bands was seen, indicating some cross-
reactivity of this antibody with L. dispar cell proteins.
Such staining of host cell proteins using rabbit antisera
to other proteins has been observed (Ozers and Friesen,
1996), but the reasons for this cross-reactivity are not
clear. In infected cells this doublet showed increased
intensity from 18 through 72 h p.i. (Fig. 2A, lanes 4–7). At
48 and 72 h p.i. lower molecular weight bands are seen,
suggesting that some degradation of the protein has
occurred.
Western blot analysis of extracts of Sf-9 cells trans-
fected with pOp21FL, which expresses full-length op21
under the AcMNPV ie-1 promoter, and stained with the
OP21 antibody identified bands in the same size ranges
as are seen in infected L. dispar cell extracts (Fig. 2B,lane 1), confirming that the cells are expressing the
transfected plasmid. However, in contrast to L. dispar
control cells, the mock-transfected Sf-9 control cell ex-
tracts did not show any staining of host cell proteins with
the OP21 antibody (Fig. 2B, lane 2). These results are
consistent with the suggestion that some of the 66- and
71-kDa proteins seen at later times in infected L. dispar
cells are viral specific.
To determine whether OP21, which contains five con-
sensus N-linked glycosylation sites (Fig. 1), is in fact
glycosylated, cells were infected and grown for 24 h in
the presence of tunicamycin, which blocks N-linked gly-
cosylation. The tunicamycin treatment resulted in a re-
duction of the infected cell-specific 85- and 89-kDa im-
munoreactive bands to an apparently single band of
about 76 kDa (Fig. 2C, compare lanes 1 and 2). This is
still somewhat larger than the size of OP21 predicted
from the sequence (69.8 kDa), which may be due to other
types of posttranslational modifications or glycosylation
that are not affected by tunicamycin, as well as experi-
mental error inherent to determining protein size using
the SDS–polyacrylamide gel electrophoresis technique.
These results suggest that the OP21-specific bands of 85
and 89 kDa are modified by N-linked glycosylation and
that this infected cell-specific doublet may result from the
differential addition of approximately 9–13 kDa of sugar
residues. Tunicamycin treatment for 24 h eliminated the
71-kDa band, apparently to 66 kDa. The data also sug-
gest that the 66-kDa band may not be N-glycosylated.
To determine whether the protein recognized by the
OP21 antiserum is associated with budded virions (BV),
Western blot analysis was performed on OpMNPV BV
and these results were compared to a 24-h infected-cell
extract. In the BV preparation, the antiserum reacted with
major bands of 66 and 85 kDa similar in size to those
seen in infected-cell extracts (Fig. 3A, compare lanes 1
and 2).
To assess whether OP21 is associated with viral en-
velopes or nucleocapsids, BV were treated with the de-
tergent NP-40 to remove the envelopes, and the resulting
fractions were analyzed by Western blot. The OP21 anti-
body intensely stained bands of 85 and 66 kDa in the
pellet fraction (Fig. 3A, lane 4), whereas only faint bands
of these sizes were seen in the supernatant fraction (Fig.
3A, lane 3). On a second Western blot of the same
samples, GP64 monoclonal antibody (MAb) identified a
64-kDa band in the infected-cell extract, BV, and super-
natant fraction (Fig. 3B, lanes 1–3), but not in the pellet
fraction (Fig. 3B, lane 4). These results indicate that GP64
is abundant in the infected cells, budded virions, and the
viral envelope, but is not detectable in the nucleocapsid
pellet fraction. A third Western blot was probed with
antibody to the virion capsid protein, VP39, which stained
a 39-kDa band in infected cells, budded virions, and the
pellet fraction (Fig. 3C, lanes 1, 2, and 4), but did not stain
any bands in the supernatant fraction (Fig. 3C, lane 3).
MBL in
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s werethat similar to GP64, OP21 is associated with BV, but
upon detergent treatment, remains primarily associated
are sh
25OpMNPV-BUDDED VIRION-ASSOCIATED GLYCOPROTEINwith the viral nucleocapsids, while GP64 dissociates
from the nucleocapsids and is present in the solubilized
membrane fraction.
Uninfected L. dispar cells and BV were run on a gel
and stained with Coomassie brilliant blue (Fig. 3D).
Bands corresponding to GP64 and OP21 were identified
by a replicate Western blot and quantified by densitom-
etry of the Coomassie-stained bands. Compared to
GP64, only about 20% as much OP21 was present in the
BV sample lane.
Western blot analysis was also used to determine
whether OP21 is associated with occlusion-derived viri-
ons (ODV). OP21 antibody did not identify any bands in
either the polyhedron envelope (PE) fraction (which con-
tains both polyhedron envelopes and trapped ODV
(Gombart et al., 1989)) or the purified ODV (Fig. 3E, lanes
1 and 2), although it reacted strongly with BV (Fig. 3E,
lane 3). Anti-GP64 antibody did not identify any bands in
either the PE or the ODV fractions (Fig. 3F, lanes 1 and 2),
but strongly stained a 64-kDa band in the BV sample as
expected for a budded virus-specific envelope protein.
Antibody to VP39 stained a 39-kDa band in the PE, ODV,
and BV lanes (Fig. 3G, lanes 1–3), indicating the pres-
ence of viral nucleocapsids in all three of these samples.
These results, along with the BV Western blot data,
indicate that OP21 is not associated with ODV and, as
with GP64, appears to be a BV-specific protein.
Immunofluorescence localization of OP21 in
OpMNPV-infected cells
FIG. 2. Western blot analysis of OP21 in extracts of infected cells. (A
103 cells were loaded in each lane. Hours postinfection are indicated a
cells. Lanes: 1, extract of Sf-9 cells 96 h after transfection with 7 mg pO
contain as follows: 1, OpMNPV-infected L. dispar cells at 24 h p.i.; 2
tunicamycin. The sizes (kilodaltons) of selected prestained markers (M)
are indicated.To characterize the localization of OP21 and compare
it to GP64 in infected cells, confocal immunofluores-cence microscopy of OpMNPV-infected L. dispar cells
sampled at 24, 48, and 72 h p.i. was carried out. Mock-
infected cells showed virtually no fluorescence when
stained with immune serum against OP21 (Fig. 4A). At all
three time points, infected cells showed specific fluores-
cence that was associated with the cell periphery when
stained with anti-OP21 antibody. Since membrane local-
ization was most intense at 72 h p.i., only this time point
is shown (Figs. 4B and 4C). The same cells stained with
GP64 MAb showed a similar pattern of fluorescence
(Figs. 4E and 4F), while the mock-infected cells showed
no fluorescence (Fig. 4D). These results with the GP64
antibody are in agreement with previously reported re-
sults (Blissard and Rohrmann, 1989). An overlay of the
two images onto an image of the cells stained with DAPI
showed nuclear staining but no staining of the mem-
branes in the mock-infected cells (Fig. 4G), while the 72 h
p.i. composite images (Figs. 4H and 4I) showed the same
pattern of localization for OP21 and GP64, as indicated
by the orange staining. Since these results show that the
cellular localization of OP21 is very similar to that of the
membrane protein, GP64, they suggest that OP21 is also
likely to be a membrane protein.
Electron microscopic localization of OP21 in OpMNPV
budded virions
Studies using immunoelectron microscopy were done
to localize OP21 in budded virions. The OP21 antibody
stained the envelopes of budded virions, localizing par-
ticularly to the ends (Figs. 5A and 5B). A similar pattern
course of OP21 expression. Total cell extracts from approximately 8 3
ch lane; U is mock infected. (B) Expression of OP21 in transfected Sf-9
2, mock-transfected Sf-9 cell extract. (C) Glycosylation of OP21. Lanes
as 1 except virus was grown for 24 h in the presence of 10 mg/ml
own on the left of A. The estimated sizes of the immunoreactive bands) Time
bove ea
p21FL;
, samewas also seen using the GP64 MAb (Figs. 5C and 5D).
Preimmune sera showed low background staining of
The si
icated.
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cleocapsids were also examined. The OP21 antibody
appeared to localize to nucleocapsids but not to specific
structures (Figs. 5E and 5F). In contrast, the GP64 anti-
body was not seen associated with the nucleocapsids
(Figs. 5G and 5H). These results are in agreement with
the Western blot data which showed that both OP21 and
GP64 are associated with BV, but that OP21 copurifies
with viral nucleocapsids, whereas GP64 is predomi-
nantly a membrane protein.
Membrane fusion analysis of OP21
Investigations of the ability of OP21 to function as a
low pH envelope fusion protein were conducted using
two plasmid constructs containing op21, pOp21FL (Fig.
6A), or pOp21egfp (Fig. 6B). Transfection and fusion as-
says were performed as previously described (Pearson
et al., 2000) in both Spodoptera frugiperda and L. dispar
cells. Although op21 expression was detectable in the
FIG. 3. Western blot analyses of OP21 in OpMNPV BV and ODV. (A) O
p.i.; 2, BV; 3, NP-40 solubilized (S) membrane fraction; 4, nucleocapsid
used. (C) Same as A except anti-VP39 monoclonal antibody was used
The sizes (kilodaltons) of the 10-kDa protein ladder are shown on the lef
1, polyhedral envelope fraction (PE); 2, purified ODV; 3, OpMNPV BV. (F
E except anti-VP39 was used. For details, see Materials and Methods.
of A and E. The estimated sizes of the immunoreactive bands are indtransfected cells by both Western blot analysis (see Fig.
2B) and egfp fluorescence (data not shown), we wereunable to detect any multinucleated fused cells with
either OP21 construct. In contrast, transfections employ-
ing a positive control plasmid (pLD130EGFP) (Pearson et
al., 2000) showed cell fusion at reduced pH (data not
shown). These results suggest that OP21 does not func-
tion as a membrane fusion protein under the same con-
ditions as LD130 and GP64 do.
Neutralization studies using OP21 antibody
In a preliminary study, the ability of the rabbit OP21
antibody to neutralize virus was assayed using OpLacZ,
a recombinant OpMNPV which is polyhedrin-minus and
expresses the b-galactosidase gene under the control of
the polyhedrin promoter (Russell et al., 1991). OpLacZ
was incubated with various dilutions of heat-inactivated
preimmune serum or OP21 antibody. The treated virus
was then used to infect L. dispar monolayers and the
cells were overlaid with soft agar containing 5-bromo-4-
tiserum staining. Lanes: 1, OpMNPV-infected L. dispar cells (IC) at 24 h
P) fraction. (B) Same as A except anti-GP64 monoclonal antibody was
omassie-stained gel of whole BV. Lanes: 1, uninfected Ld cells; 2, BV.
and GP64 are indicated by arrows. (E) OP21 antiserum staining. Lanes:
as E except anti-GP64 monoclonal antibody was used. (G) Same as
zes (kilodaltons) of selected prestained markers are shown on the leftP21 an
pellet (
. (D) Co
t. OP21
) Samechloro-3-indolyl-b-D-galactoside (X-gal). Quantification of
blue plaques showed no reduction in plaque number by
urth in
27OpMNPV-BUDDED VIRION-ASSOCIATED GLYCOPROTEINOP21 serum treatment, indicating that this antibody was
not neutralizing.
DISCUSSION
Previous work in our laboratory demonstrated that in
LdMNPV, a baculovirus which lacks GP64, LD130 func-
tions as an envelope fusion protein (Pearson et al., 2000).
This finding was confirmed for SE8 (Ijkel et al., 2000), the
FIG. 4. Confocal immunofluorescence microscopy comparing the loc
images of mock-infected (A) and 72 h p.i. (B and C) cells using OP21 an
using GP64 monoclonal antibodies. Overlay of fluorescent images of
monoclonal antibody, and the nuclear stain, DAPI. Images were the fo
Materials and Methods.SeMNPV homolog of LD130. Although OpMNPV uses
GP64 as its envelope fusion protein, it also contains ahomolog of LD130, called OP21. Based on the high de-
gree of GP64 conservation vs the diversity of the ho-
mologs of LD130, we suggested that GP64 was recently
acquired by one branch of the baculoviridae (Pearson et
al., 2000). We also suggested that this resulted in a loss
of the fusion function of the LD130 homolog, but that the
gene was retained by the virus because it carried out
other essential functions. In this report, we demonstrate
n of OP21 and GP64 in OpMNPV-infected L. dispar cells. Fluorescent
. Fluorescent images of mock-infected (D) and 72 h p.i. (E and F) cells
nfected (G) and 72 h p.i. (H and I) cells using OP21 antiserum, GP64
a series of 8. Cells were infected at an m.o.i. of 10. For details, seealizatio
tiserum
mock-ithat OP21 is a glycosylated protein which is associated
with BV and localizes to the plasma membranes of cells
ntiseru
tions, r
28 PEARSON, RUSSELL, AND ROHRMANNinfected with OpMNPV. Western blot analyses and im-
munoelectron microscopy showed that OP21 is associ-
ated with BV in a location similar to GP64. However,
using treatment with NP-40 to solubilize the BV envelope,
OP21 appeared to have a stronger affinity for nucleocap-
sids than GP64, which was found associated only with
the solubilized BV envelope fraction. Since OP21 ap-
pears to be an envelope protein, this could indicate that
it may be involved in an interaction between the enve-
lope and the capsid. Such an interaction could poten-
tially be mediated by the OP21 cytoplasmic tail domain
FIG. 5. Localization of OP21 and GP64 by immunoelectron microsc
Localization of GP64 in intact OpMNPV budded virus. (E and F) OP21 loc
nucleocapsids. Virion samples were the same as used in Fig. 3. OP21 a
gold and anti-mouse IgG 10-nm gold were used at 1:100 and 1:50 dilu
FIG. 6. Maps of plasmids used to characterize OP21. The numbers
indicate the location of N-glycosylation consensus sequences. The loc
In A, the arrow indicates the location of the 59PCR primer. An oligonu
39PCR primer (see Materials and Methods). In A and B, the number of amino a
are shown.(CTD), which is 72 amino acids long extending from the
end of the transmembrane domain to the carboxyl-termi-
nus of the protein (Fig. 1B). In contrast to OP21, GP64,
which was not found associated with the nucleocapsid
fraction, has only a seven amino acid CTD (Oomens and
Blissard, 1999).
Sf-9 cells transfected with an expression plasmid con-
taining either the full-length op21 gene or op21 fused to
egfp expressed the protein on the cell surface, but we
were not able to detect fusion under low pH conditions.
These results suggest that, although OP21 is a homolog
and B) OP21 localization in intact OpMNPV budded virus. (C and D)
n to OpMNPV nucleocapsids. (G and H) GP64 localization in OpMNPV
m and GP64 MAb were used at a 1:200 dilution. Anti-rabbit IgG 10-nm
espectively. The bars represent 100 nm.
op21 region are from Ahrens et al. (1997). The black-stalked circles
of the predicted signal and transmembrane (TM) domains are shown.
complimentary to the T7 promoter region of pBKS was used for theopy. (A
alizatiofor the
ations
cleotidecids (aa) in the full-length OP21 protein and EGFP fusion, respectively,
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Attempts in our laboratory to make a mutant virus lacking
ac23, the AcMNPV homolog of ld130 and op21, were
unsuccessful, suggesting that ac23, and by inference
op21, may be essential viral genes. Immunoelectron mi-
croscopic analysis of OP21 suggested that it localizes to
one end of the budded virion in a pattern similar to GP64.
Peplomers, which are spike-like structures seen at one
end of budded virions, are generally thought to be com-
posed of GP64 based on electron microscopic analyses
(Summers and Volkman, 1976; Volkman et al., 1984).
However, electron micrographs show that LdMNPV BV
also have peplomers (Adams et al., 1977), although they
lack GP64. This observation raises the possibility that
peplomers can be composed of proteins other than
GP64.
MATERIALS AND METHODS
Virus, cell lines, transfection, and membrane fusion
assays
OpMNPV budded virions were propagated in the L.
dispar cell line, Ld-652Y, grown in TNM-FH media (Sum-
mers and Smith, 1987) supplemented with 10% fetal bo-
vine serum, penicillin G (50 U/ml), streptomycin (50 mg/
ml; Whittaker Bioproducts), and amphotericin B (Fungi-
zone; 375 ng/ml; Life Technologies). The S. frugiperda
(Sf-9) cell line was cultured in SF900II media (Life Tech-
nologies) as previously described (Harwood et al., 1998).
Transfection of insect cells and low pH-induced mem-
brane fusion was performed as previously described
(Pearson et al., 2000).
PCR, cloning, and DNA purification
Clones of op21 were constructed as follows. A primer
(59ATAGCAATCGCCATGGCTTGTG) to the 59 region of the
gene starting at nucleotide (nt) 16,835 (Ahrens et al.,
1997) was synthesized with the underlined nucleotide
altered to create an NcoI site containing an ATG initiation
codon. The other primer (59TAATACGACTCACTATAGGG)
is complementary to the T7 promoter region of pBKS
(Stratagene Inc.). PCR, using as template a pBKS plas-
mid containing the OpMNPV HindIII–H fragment cloned
into the HindIII site, was performed as previously de-
scribed (Pearson et al., 2000). The 836-nt product, con-
taining about one third of the N-terminal portion of the
gene, was cut with NcoI and HindIII. The resulting 726-nt
fragment (nt 16,850 to 17,576) was ligated into NcoI–
HindIII cut pIe-1, a previously described (Pearson and
Rohrmann, 1997) expression plasmid containing the
AcMNPV ie-1 promoter (nt 126,596 to 127,197) (Ayres et
al., 1994). The 4.6-kb OpMNPV HindIII–I fragment con-
taining the 39 region of op21 was ligated into the HindIII
site and a clone containing this fragment in the correct
orientation was isolated. This clone was then cut withBglII and ClaI to remove 3035 nt downstream of a puta-
tive orf21 39 processing signal. Theresulting fragment
was blunted, using T4 DNA polymerase, and religated to
give a clone called pOp21FL, containing the full-length
op21 gene (nt 16,850 to 18,818) plus 370 nt of 39-
untranslated flanking sequence. Sequence analysis con-
firmed that the sequence was correct. A clone of op21
fused in frame with the enhanced green fluorescent
protein gene (egfp) was constructed by cutting pOp21Fl
with NcoI, ligating the gel-purified 1842-nt fragment into
the NcoI site of the EGFP expression vector pegfp (Pear-
son et al., 2000) and screening for the correct orientation.
The resulting clone, pOp21-egfp, encodes a protein that
lacks the 45 C-terminal amino acids located downstream
of the predicted transmembrane domain.
All plasmid DNAs used for transfections and sequenc-
ing were purified on Qiagen columns. Restriction en-
zymes and DNA-modifying enzymes were purchased
from New England Biolabs and were used according to
the manufacturer’s instructions.
Construction of a pMALcR1-op21 gene fusion and
antibody production
A maltose binding protein–OP21 fusion was produced
using the bacterial expression plasmid pMALcR1 (New
England Biolabs). The plasmid pOp21FL (see above) was
cut with NcoI, filled-in, and digested with SalI which cuts
at nt 18,293. The resulting 1443-nt fragment was gel-
purified and ligated into pMALcR1 that had been cut with
BamHI, filled-in, cut with SalI, and gel purified. The junc-
tion was sequenced to confirm that op21 was in frame
with the pMAL gene. The resulting plasmid encodes 481
amino acids of the N-terminal region of OP21 fused to the
pMAL gene. The fusion protein was expressed in DH5a
cells, isolated, and used for inducing rabbit polyclonal
antiserum as previously described (Russell et al., 1997).
The immune serum used in this report was collected 8
days after the fifth boost.
Time-course preparation and tunicamycin treatment
An infected cell time course was prepared by infecting
monolayers of L. dispar with OpMNPV at a multiplicity of
infection (m.o.i.) of 10. Infected cells were harvested at
selected times postinfection and cellular extracts were
prepared as previously described (Quant-Russell et al.,
1987). Phenylmethyl sulfonyl fluoride (PMSF) was added
at a final concentration of 0.5 mM to all buffers to inhibit
protease activity.
To determine whether OP21 is N-glycosylated, L. dis-
par cells were infected at an m.o.i. of 10 in the presence
or absence of tunicamycin (Sigma) (10 mg/ml) as previ-
ously described (Gross et al., 1993). Cells were har-
vested 24 h p.i. (Quant-Russell et al., 1987) and used for
Western blot analysis.
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Budded virions from 50 ml of medium at 7 days p.i.
were sucrose density gradient purified as previously
described (Blissard and Rohrmann, 1989) and resus-
pended in 35 ml PBS, 0.5 mM PMSF; 1.5 ml was used in
Western blot analyses with anti-OP21 and 0.25 ml was
used with anti-GP64 and anti-VP39.
Twenty microliters of the BV preparation was fraction-
ated by solubilizing the viral membrane envelopes in
1.0% Nonidet-P40 (Particle Data Laboratories) and by
pelleting the nucleocapsids through a 30% glycerol cush-
ion (Yang and Miller, 1998). The resulting pellet fraction
was resuspended in 35 ml PBS, 0.5 mM PMSF. The
fraction above the glycerol cushion containing the solu-
bilized envelopes was concentrated to 50 ml using a
Centricon 30 concentrator (Amicon). For Western blot
analysis, 4 ml of each fraction was used for OP21 stain-
ing. The amount of soluble and pellet fractions loaded
was equal to approximately 1 and 1.5 times the unfrac-
tionated BV sample volume, respectively. Soluble and
pellet fractions (1.5 ml each) were used for anti-GP64 and
anti-VP39 staining, which would be equivalent to 2.4 and
3.2 times the unfractionated BV sample analyzed.
Viral occlusion bodies (OBs) from infected O. pseudo-
tsugata larval cadavers (Rohrmann et al., 1978) were
used to prepare occlusion-derived virus. The OBs were
incubated in 0.5% SDS for 15 min at room temperature,
followed by two washes in 0.5 M NaCl to remove the
SDS. The OBs were heated at 70°C for 10 min to inacti-
vate proteases and then were alkali-dissolved as previ-
ously described (Quant-Russell et al., 1987). Polyhedron
envelopes (PE) were disrupted by brief sonication, pel-
leted by spinning for 1 min at 13,000 rpm in a microfuge,
and resuspended to 40 ml in PBS, 0.5 mM PMSF. ODV
were recovered from the supernatant by centrifugation
through a 25% sucrose cushion followed by resuspen-
sion in 60 ml PBS, 0.5 mM PMSF. For Western blot
analysis, 4 ml PE and 7.5 ml ODV were used.
Samples were electrophoresed through 10% SDS–
polyacrylamide gels (SDS–PAGE) (Laemmli, 1970) and
electroblotted onto PVDF-PLUS membranes (Micron
Separations Inc.) for 1.5 h at 600 mA. Western blot anal-
ysis was performed using a chemiluminescent method
according to the manufacturer’s instructions (Boehringer
Mannheim). The OP21 antiserum was used at a dilution
of 1:800 and the second antibody, goat anti-rabbit horse
radish peroxidase (HRP) (Promega), was diluted 1:2500.
AcV5 (Hohmann and Faulkner, 1983), a mouse MAb spe-
cific for GP64, was used at 1:2500, and the MAb 236
specific for VP39 (Pearson et al., 1988) was diluted
1:5000. Goat anti-mouse HRP (Bio-Rad) was diluted
1:3000. For quantification of protein bands, samples
were electrophoresed through 7% SDS–PAGE gels and
stained with Coomassie brilliant blue (Bio-Rad). Densi-
tometry was performed on the stained bands using aMolecular Dynamics Personal Densitometer SI and the
data were analyzed using ImageQuant 5.0 software (Mo-
lecular Dynamics).
Confocal immunofluorescent microscopy
Monolayers of L. dispar cells were grown on cover-
slips and infected with OpMNPV at an m.o.i. of 10. At
selected times postinfection, the coverslips were
washed twice in PBS (Sigma) and fixed for 30 min at
room temperature in 4% paraformaldehyde, which does
not permeabilize the cell membranes. The samples were
then rinsed twice in PBS, air-dried, and stored at 220°C
until used. Immunofluorescent staining was carried out
as previously described (Blissard and Rohrmann, 1989)
except that PBS, 1% BSA was used as buffer and an
additional blocking step using 1% normal goat serum
was added. The MBP-OP21 antiserum was diluted 1:1500
and adsorbed with L. dispar cell acetone powder at a
final concentration of 1% (Harlow and Lane, 1988). The
GP64 MAb was diluted 1:2000. Alexa Fluor 488 conju-
gated goat anti-rabbit IgG antibody and Alexa Fluor 594
conjugated goat anti-mouse IgG antibody (Molecular
Probes) were diluted 1:200. The coverslips were stained
for 5 min with 0.2 mg/ml of the DNA stain 49,6-diamidino-
2-phenylindole (DAPI, Molecular Probes) in PBS. Sam-
ples were observed on a Leica TCS 4D confocal micro-
scope. A horizontal series of eight images was collected
per field of view at each time point and images shown
are from the middle of the cell. Images were generated
using NIH Image 1.60 and Adobe Photoshop 6.0 soft-
ware.
Immunoelectron microscopy
The OpMNPV budded virion or nucleocapsid prepara-
tions (see above) were spotted onto 0.25% Formvar (Ted
Pella, Inc.) -coated, 200-mesh nickel grids and stained for
immunoelectron microscopy as previously described
(Russell and Rohrmann, 1990). Rabbit preimmune and
MBP-OP21 antisera and the GP64 MAb were used at
dilutions of 1:200. Goat anti-rabbit IgG F(ab9)2 conju-
gated with 10-nm gold particles (Ted Pella, Inc.) and
anti-mouse IgG (EY Laboratories) conjugated with 10-nm
gold particles were used at dilutions of 1:100 and 1:50,
respectively. The samples were negatively stained with
2% phosphotungstic acid or 1% uranyl acetate and ob-
served with a Phillips EM 300 electron microscope.
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